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A DESCRIPTION OF THE Ju 88 AIRPLANE ANTI—IGINb EQUIPMENT

By Lewis A. Rodert and Richard Jackson
SUMMARY

In conjunction with the current ice—prevention re—
search being conducted at Ames Aeronautical Laboratory,
the National Advieory Committee for Aeronautics has ob-—
talned and examined a part of the anti-icing equipmert
for a Ju 88 airplane from the Army Alr Forces, Materiel
Center, Wright Fleld. The Ju 88 airplane anti-ilcing
equlipment includes exhaust-ailr haat exchangers, control
valves, alr duct system, and air-heated wing panels. One
exchanger and e part of one wing panel have been examined
at Ames Aeronautical Laboratory. The examination and
analysis indlcates that the svstem would prevent the for-—
mation of 1ce on the wing surfaces.

DESCRIPTION OF EQUIPHMENT

The Ju 88  airplane 1s powered with two 1l2-cylinder
liguid—cooled Junkers Jumo 211G engines which develop
1150 horsepower at 15,000 feet. The exhaust system con—
siste of six ejector stacks projecting from each side of
the engine. A heat exchanger (see fig. 1) 1s dbullt around
each set of stacks, making a total of four heat exchangers
on the eirplane. The ejector stacks pass through a rec—
tangular shroud 4 by 6 inches 1n cross sectlion. Three
rectangular steel fins, 4 by 6 1inches by 1/32 inch espaced
at l—inch intervals, are welded. to each stack in the re-—
g€lion enclosed by the shroud. These are staggered on ad-— .
Jacent stacks. The heater 1s divided into three readily
detachable unite, each of which encloses two ejector
stacke. The stacks are spaced approximately 7 ilnches on
centers, ard the over—all length of the heater 1is approx—
imately 50 inches. .
o Air 18 1ed to the heet exchanger from an intake
scoop, not shown invfligure 1, and 1s heated as 1t passes
over the finned eJector stacks. The heated alr leaves




the heat exchanger through a B%—inch round tube and 1is
then piped to the wing leading edge. The path followed
by the heated air i1is shown in filgure 2.

The wing plan form in figure 2 was reproduced from
pletures and sketghes in technical magazines and is not
drawn to scals. The outboard panel dimensions shown agree
with measurements taken on the actual outer-wing panel.

It 1s believed that the other dimensions shown are suffi-
clently accurate for the general analysis contained in
this report.

Figure 3 18 a typical section through the outer—wing
ranel. The inner leading edge skin, which 1is 0.020 cor-
rugated sheet spot welded to the outer skin, extende rear-—
ward about 10 percent of the wing chord from the leading
edge. The corrugatlions have a mean pltch of 1.18 incles
.and draw of 0.25 inch., &4t the leading edge, part of each
corrugation-is cut away to provide an opening through
which the heated alr enters the interskin ducts, formed
by the outer skin and the lnner corrugated shest, At
the outlet end of the corrugations, there is a thin metal
spanwiee flange, whigh le bent back over the corrugations.
The probable purpose of this flange is to regulate the
spanwige distribution of the air flow 1n the corrugations.
Located at about 4 percent of the chord rearward from the
leadling edge 1a a spanwlise baffle whlch forme the rear
wall of a spanwise D—phaped duct. Thig duct acts as a
distributing plenum for the heated air before 1t flowe
between the double skin., Figure 4 shows a section of the
leading edge cut from the outer—~wing panel and illustrates
the elements described above., -

Heated alr from the heat exchanger 1s conducted to
the spanwise duct, region 1, figure 3, then flows through
the interskin passagee, reglon 2., VWhile flowing through
the corrugations, the alr loses heat to the outer skin,
thereby ralsing the temperature of the outer skin. On
leaving the double- skin region, the alr travels through
the afterbody of the wing, as shown in figure 3. The main
spar wobs are solld, so that in passing the spars, the air
is forced through the gaps between the outer skin and the
spar flanges., The alr empties from the wing afterbody in-
to the aileren and flap slots, where 1t mixes with the free
alr stream.



.. PERFORMANCE HESTIMATE

A heat tranefer-analysis was -made on the heat ex—~
changer. In the analyeis, the heat transfer coefficlent,
from stacks to air, was calculated from empirical formu-
las, found 'in standard textbooks on heat .transfer, for
the heating-of air. flowing normal to tube banks.  The .-
temperature of the stack walls .was assumed to be- 1000° F
and the inlet alr temperature aesumed to be 0° F., ' The
wall temperature of 1000° ¥ is assumed as a 'result of
flight tests on somewhat similar equipment. " The alr tem-
perature of 00 F hes been taken as the critical air tem—
perature for the design of anti-icing equipment at Ames
Aeronautical Laboratory and .is -based or flight tests in
varlous types .of naturel 1lcing conditions. A calculated
effective area of the fins was added to the surface area
of the eJector stacks. The paerformance of the heater was
calculated by bdbalancing the equations: )

Qa = h A (t, - t,) ' (1)
Q2 = Woep(byyy = t4p) (2)
Q1 = Qa . (3)

where . '

Q) heat transferred from stacks and fins to air, Btu/hr

Qs heat added to air, Btu/hr

h ~ heat transfer poefficieht from stacks to air, Btu/hr,

sq ft, ¥O,

A effectiye-surface hreas, ft?

ty  average stack wal} tempera ture, of-

tgy average alr temperature, OF

tout temperature of air leaving heater, OF
t1, temperature of entering air, OF

W mass flow of air, 1b/hr
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- Sp 8pecific heat of air at constant pressure taken at
.+ - 'the :average air temperature, Btu/ld, OF

’

" "The results of the ocalculations are. preeented graph—

.1ioally in figure 5.

L ’

".The-cnuiﬁifg apéediof'maximuh'range (vhich 18 be—

o lidvgq to be the design condition for thermal lce-preven—
- %ilon dquipment) for the Ju 88 airplane is probably about

1560, mph-,‘at which the dynamic pressure 1s 11,2 inches of
water. " If. approximately one—half of the dynamic preseure

: head is employed in forcing alr through the heat exchanger,
.a Tound figure of 2000 pounds of air per hour appears to
.be a conservatlve egtimate of the flow rate, according to

figure 5. If the rate of air flow is 2000 pounds per hour,
the heating capaclty of the excuanger, also according to
figure 5, will be 100,000 Btu/hr. Dividing the heater
output by the surface area covered by the double ekin re-
sults in a specific input of 4670 Btu/hr, sq ft. OCalecu~
lations based on a masse flow of 4000 pounde per hour, a
heat input of 200,000 Btu/hr and a uniform spanwise dis—
tribution result- in ar average skin temperature, for the
forward 10 percent of the outer panel leading edge, of
about 700 F above 00 ¥ dry ambilent air temperature.

In flight tests made 1in actual icing conditions with
a Lockheed 12-A airplane, reported in refereance 1, the
stabllizer was protected from ice by a double skin, air~
heated leading edge. The heated leading edge kept the
entire stabllizer free from ice in three separate tests,
one of which was in severs lcing conditions.

Comparison of the Ju 88 airplane air—heated wing
leading edge wlith the Lockheed 13-4 airplane ailr-heated
stabdillizer leading edge shows that the caleculated specifiec
heat 1lnput of the Ju 88 airplane system is higher than the
highest speclific input of the lLockheed 12-4 airplane used
during the flights 1in .icing conditions, It appears, then,
that the Ju 88 alrplane thermal ice-prevention equipment
can maintain the outer—wing panel free from ice.

Ames Aeronautical Laboratory,
National Advisory Committee .for Aeronautics,
Moffetf Field, Calif.
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Flgure l.- Exhaust-air heat exchanger for the
anti-icing equipment on the Ju 88 airplane.
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‘Figure 2.« Air-heated wing enti-icing equipment
on the Ju 88 airplane, showing the path followed

by the air.
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Figure 3.- Typical section through the outer-wing
panel of the Ju 88 airplane, showing the principal
parts of the wing anti-icing system.

SR WS
LIS TE VNG AOLES

VOVR

LA AOLE NEALR
ALLERON A/NCE

e 314




Figure 4.- T‘wo views of the outer-panel wing leading edge
anti-icing system of the Ju 88 airplane.
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Figure 5.~ The calculated performance of the exhaust-
air heat exchangers employed on the Ju88

airplane.
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